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CONCLUSIONS : 

Deqradation - Photodeqradation on Soi 1 

1. This study i s  acceptable and f u l f i l l s  the Photodegradation on Soi l  
data requirement . 

2. [14c]s ,s, s - ~ r i  buty l  phosphorotri th ioa te  was stable on sandy loam soi 1 
t ha t  was i r r ad ia ted  f o r  30 days w i th  natural sunl ight  i n  Kentucky 
from February 4, 1988 th ru  March 5, 1988. 
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METHODOLOGY : 

Monogahela sandy loam s o i l  (48.02% sand, 49.65% s i l t ,  2.33% c lay,  
1.45% organic matter, pH 6.6, CEC 10.33 meqI100 g) was a i r - d r i e d ,  
sieved (2 mm) , and autocl aved. Port ions o f  soi 1 (3 .1  g) were weighed 
i n t o  Pe t r i  dishes and 3.0 mL o f  d i s t i l l e d  water were added t o  each 
dish. The s l u r r i e s  were a i r - d r i e d ,  leaving a s o i l  thickness o f  
approximately 0.5 mm. [14c]s, S, s - ~ r i  buty l  phosphorotri t h i oa te  (DEF; 
rad i  ochemi cal p u r i t y  98.9%, speci f i c a c t i v i t y  20.4 m C i  ImMol , Mobay) , 
dissolved i n  ace ton i t r i l e ,  was applied evenly t o  the s o i l  surface a t  
9.2 ppm w i th  a syringe. The Pe t r i  dishes were placed i n  two steel  
chambers; one chamber was covered w i th  a quartz p l a te  and the other 
chamber was covered w i t h  a glass p la te  covered w i th  black neoprene 
rubber t o  serve as a dark control  (Figure 2 ) .  Both chambers were 
adjusted t o  a 30 degree angle w i th  respect t o  the hor izontal  and were 
i r r ad ia ted  outdoors w i th  natural  sun l ight  from February 4 t o  March 5, 
1988 i n  Lexington, Kentucky (38.05" N, 84.30" W ) .  Sun1 i g h t  i n t e n s i t y  
was continuously measured w i th  a photodetector equipped w i th  a 
quartz-enclosed probe; the photodetector was located on the roo f  near 
the exposure apparatus and was also t i l t e d  a t  a 30 degree angle. The 
temperature o f  the samples was maintained by c i r c u l a t i n g  an 
an t i  freeze: water (1: 1) sol u t i on  through a water jacket using a 
constant temperature c i  r cu l  a tor ;  the temperature was monitored 
throughout the study using thermocouples attached t o  the soi 1 surface 
w i th  epoxy res in ,  and ranged from -9.3 t o  41.5"C. Ambient a i r  was 
drawn through the chambers using a vacuum pump and i n t o  glass 
dispersion tubes containing ethylene glycol  t o  t r a p  vol a t i  1 e 
compounds. Dupl i cate i r r a d i  ated and dark control  d i  shes were removed 
for analysis a t  0, 5, 10, 15, 20, and 30 days posttreatment. Upon 
removal, the dishes were covered w i t h  paraf i lm and aluminum f o i l  and 
placed i n  the re f r i ge ra to r  u n t i l  ex t rac t ion  ( the same day). The 
ethylene glycol  t raps were rep1 aced a t  each sampl i ng i n te r va l  . 

The s o i l  was scraped from the p e t r i  d ish i n t o  a f lask ;  the dishes 
were r insed twice w i t h  ace ton i t r i l e ,  and the r inses were added t o  the  
f lask .  Addit ional a c e t o n i t r i l e  was added t o  the f l ask  and the s l u r r y  
was s t i r r e d  f o r  1 hour. The s l u r r y  was vacuum-fi l tered, the f l ask  
was r insed w i t h  addi t ional  acetoni t r i  1 e, and the r inses were combi ned 
w i t h  the ex t rac t .  Al iquots o f  the ex t rac t  were analyzed by LSC. 
Addit ional a1 iquots o f  the ext ract  were removed and re f r ige ra ted  i n  
the dark u n t i l  analysis by HPLC. The extracted s o i l s  from the 
i r r ad ia ted  30-day samples were d r ied  and reextracted w i th  methanol. 
A1 iquots o f  the methanol ext ract  were analyzed by LSC; addi t iona l  
a1 iquots were re f r ige ra ted  u n t i  1 analysis by HPLC. 

P r i o r  t o  HPLC analysis, the s o i l  ex t racts  were f o r t i f i e d  w i t h  
unl abel ed reference standards o f  S, S, S -  t r i  buty l  phosphorotri th ioate,  
bu ty l  mercaptan, and d i  buty l  d i  sul f i d e  ( p u r i t i e s  not reported). 
A1 iquots o f  the f o r t i f i e d  ext racts  were analyzed by HPLC on a Zorbax 
TMS column e lu ted w i th  an i socrat ic  mobi 1 e phase o f  85% ace ton i t r i  l e :  
water:acetic ac id  (45:55:0.4) : 15% a c e t o n i t r i l e  w i t h  UV (254 nm) 
detection. Radioact iv i ty  was i den t i f i ed  w i t h  a r a d i o a c t i v i t y  f low 



detector o r  column f rac t ions  were co l lec ted  and analyzed by LSC. The 
detect ion l i m i t  was 0.6 pg S.S,S- t r ibuty l  phosphorotr i th ioatel  
f rac t ion .  Addit ional a l iquots  o f  ex t racts  from the i r r ad ia ted  s o i l  
from the 15- and 30-day posttreatment sampling i n te r va l s  (one 
rep l  i c a t e  each) were analyzed by TLC on s i l i c a  gel p la tes developed 
i n  acetoni tr i 1e:water: acet ic  ac id  (55:45: 0.4). Unlabeled standards 
were cochromatographed w i t h  the samples and were v isual  ized under UV 
1 i g h t .  The p la tes were marked and scraped i n  one centimeter bands 
i n t o  s c i n t i l l  a t i on  v i a l s .  S c i n t i l l  a t ion  cockta i l  was added and the 
v i  a1 s were counted by LSC. The extracted soi 1 was a i  r - d r i e d  and 
subsampl es were analyzed by LSC f o l  1 owi ng combusti on. T r i  p l  i cate 
a1 iquots o f  the ethylene g lyco l  t raps were analyzed by LSC. 

DATA SUMMARY: 

[14c]s, S, S -T r i  buty l  phosphorotri th ioa te  (DEF; radiochemical p u r i t y ,  
98.9%), a t  9.2 ppm, was stable on a sandy loam soi 1 i rrad ia ted f o r  30 
days w i t h  natural  sun1 i g h t  i n  Kentucky dur ing February and March.? 
1988. The d a i l y  1 i g h t  energy was an average o f  19 + 1.5 W - m i  nlcm . 

The parent compound, S, S, S -  t r i  buty l  phosphorotri th ioa te ,  was 100% o f  
the acetoni t r i  le -ex t rac ted  r a d i o a c t i v i t y  a t  30 days posttreatment i n  
both the i r r ad ia ted  and control  samples (Table 6 ) .  A t  30 days 
posttreatment, the acetoni t r i  le -ex t rac tab l  e r a d i o a c t i v i t y  was 66.0- 
71.9% o f  the appl i ed r a d i o a c t i v i t y  i n  the i r r a d i  ated samples and 
85.4-86.6% i n  t he  dark cont ro ls  (Table 5).  A f te r  a c e t o n i t r i l e  
ext ract ion,  the t o t a l  radiocarbon present i n  extracted soi  1 ranged 
from 1.2% t o  22.2%; (1.2-10.0% o f  the applied i n  the dark con t ro ls ) .  
Subsequent methanol ext ract ion o f  Day 30 i r rad i  ated rep l  i cates 
removed 10.8% and 11.2% o f  the unextracted residues, leaving 9.5% and 
9.3% remaining bound. 

I n  the methanol ext racts  from the 30-day posttreatment samples, the 
degradate 

buty l  mercaptan 

was 96.3 - 100% o f  the methanol -extracted rad ioac t i v i t y .  

Residues remaining i n  the acetoni t r i  le -ex t rac ted  soi  1 were 1.2-6.6% 
of the applied r a d i o a c t i v i t y  immediately posttreatment; a t  20-30 days 
posttreatment, these residues were 20.3 -22.2% i n  the i r r ad ia ted  
samples and 7.3-9.2% i n  dark cont ro ls  (Table 5) .  

V o l a t i l e  r a d i o a c t i v i t y  i n  the ethylene g lyco l  t raps was 51.0% o f  the 
appl i e d  rad ioac t i v i t y ,  

The material balances were 84.3- 104.5% (Table 5) .  



1. The study authors stated t h a t  S,S,S- t r i  buty l  phosphorotri th ioa te  i s  
s tab le  t o  photolysis,  ye t  the presence o f  bu ty l  mercaptan i n  the 
methanol ex t rac t  ind icates t h a t  some degradation occurred. However, 
based on the resu l t s  o f  the ext ract ion o f  the 30-day sample, the 
est imat ion o f  a h a l f - l i f e  from these data would be o f  l i m i t e d  value 
since the ca lcu la t ions would involve considerable extrapol a t ion.  

2. An un iden t i f i ed  degradate, present a t  3.4% o f  the recovered 
rad ioac t i v i t y ,  was detected i n  one rep1 i ca te  o f  the dark control  
s o i l s  from the 15-day sampling i n te r va l  . The study authors stated 
t h a t  i t  was most l i k e l y  an a r t i f a c t  because it d i d  not appear i n  
subsequent sampl es . 



Table 1. Physical Characteristics of Soil Used in This Study. 

Parameter 

Texture Class: (Sa~dy Loam) 

Sand 

Silt 

Clay 

Organic Matter 

Cation Exchange Capacity 10.33 meq1100g 
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Table 2. Schedule of Events Throughout Study Period. 

Time 

Study Day Date Sunrise 2 Sunset 2 Samples Taken / Time Taken 

18:05 Day - O 17:30 

18:06 

18:07 

18:08 

18:09 

18:lO Day- 5 1530 

10 02- 14-88 7:30 18:16 Day - 10 1500 

11 02-15-88 7:29 18:17 

7 
Eastern Standard Time. t 

/' 

Information received from the National Weather Service, Lexington, Kentucky. 
C' 
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Table 2 (Continued). Schedule of Events Throughout Study Period. 

(f " 

Time 1 

Study Day Date Sunrise Sunset Samples Taken / Time Taken 

18:21 Day - 15 15:OO 

18:22 

18:23 

18:26 Day - 20 14:30 

18:27 

,A 

Eastern Standard Time. 

2 Information received horn the National Weather Service, Lexington, Kentucky. 0 
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Table 4. Light Intensity and Energy Measurements Throughout Study Period. 

Light Intensity (pW/cm2) 
Total Light 

Energy (W.minlcrn2) 

Study Day Date Minimum Maximum Mean + S.D. 

0 02-04-88 59 477 14 24842 k 11088 

1 02-05-88 171 57075 25282 f 10226 

2 02-06-88 189 61388 . 25530 f 10654 

3 02-07-88 1014 59666 25716 + 10695 

4 02-08-88 177 329 18 26603 rt 12217 
I 

5 02-09-88 56 -, 7 1070 26869 f 12912 

Curnmulative 
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Table 4 (Continued). Light Intensity and Energy Measurements Throughout Study Period. 

Total Light 
Energy (~minfcrn2) Light Intensity (pWlcrn2) 

Study Day Date Minimum Maximum Mean + S.D. 
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Table 4 (Continued). Light Intensity and Energy Measurements Throughout Study Period. 

I Total Light 
Light Intensity (pW/cm2) Energy (w-min/cm2) 

Study Day Date Minimum Maximum Mean + S.D. per Day Cummulative 

26 03-01-88 58 58709 25446 k 9532 19 507 

27 03-02-88 401 79526 31288 f 17856 23 530 

Mean + S.E. 26140.4 2 320.6 

Mean 2 S.D. 131.5 + 185.4 76891.3 2 107397.5 19 + 1.5 
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Table 5. Material Balance of [ 1 4 c ] ~ 1 2 ~  Throughout the Study Period. 

DPM Recovered 

Sample 
Description . 

DPM 
Applied 

Gas 
Dispersion Percent 

Extract (%I Extracted Solids (%) Trap (%) Total Recovery 

Day - 0 

Dark Control 1 4,056,280 3,853,500 (95.0) 265,976 (6.6) -- 101.6 
Dark Control 2 4,056,280 3,786,795 (93.4) 48,393 (1.2) - 94.6 

Inadiatedl 
rmdiaEd2 

1 
LA Day - 5  
C. 

.c 

\ Dark Control 1 
Dark Control 2 

Day - 10 

Dark Control 1 4,056,?80 3,406,519 (84.0) 339,136 (8.3) 6,598 (0.2) 92.5 
404,298 

Em 
Dark Control 2 4,956,280 3,309.74 1 (81.6) (10.0) 6,598 (0.2) 91.8 

d 2 
rmdiaEd1 4 4,056,280 2,981,295 (73.5) 720,940 (17.8) 19,745 (0.5) 91.8 
Inradiated2 '\, 4,056,280 2,896,452 (71.4) 502,632 (12.4) 19,745 (0.5) 84.3 

\, 

T- 
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Table 5 (Continued). Material Balance of [ 1 4 c ] ~ W  Throughout the Study Period. 

DPM Recovered 

Sample DPM 
Description Applied Extract ("/.I 

Day - 15 

Dark Control 1 4,056,280 3,879,134 (95.6) 
Dark Control 2 4,056,280 3,655,170 (90.1) 

Gas 
Dispersion Percent 

Extracted Solids (%) Trap (%I Total Recovery 

Day - 20 

Dark Control 1 4,056,280 3,695,475 (91.1) 295,900 (7.3) 16,303 (0.4) 98.8 
Dark Control 2 4,056,280 3,659,590 (90.2) 34 1,222 (8.4) 16,303 (0.4) 99.0 

' I 

Day - 30 \ 

,- =a - 
Dark Control 1 3,466,075 (85.4) 372,8 18 (9.2) 40,833 (1.0) 95.6 
Dark Control 2 3.5 12,600 (86.6) 340,999 (8.4) 40,833 (1.0) 96.0 z!! < T3 
Irradiated 1 ", 4,056,280 2,677,485 (66.0) 82 1,450 (20.3) 35,980 (0.9) 
Inadiated2 \ 

,-\ 
4,056,280 2,916,144 (71.9) 832,129 (20.5) 35,980 (0.9) i 
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Fiam 6955 
Table 6. Quantitative Characterization of [ 1 4 C ] ~ E ~  and Its Degradates Extracted From 

Soil Surfaces Following Exposure to Natural Sunlight. 

Percent of Total Extracted Radiocarbon As: 

HPLC Volume 
Sample Description Injection (pl) DEF Unknown 

Day 0 

Irradiated 1 
Irradiated 2 

Mean 

Dark Control 1 
Dark Control 2 

Mean 

Day 5 

Irradiated 1 
Irradiated 2 

Mean 

Dark Control 1 
Dark Control 2 

Mean 

Day 10 

Irradiated 1 
Irradiated 2 

Mean 

Dark Control 1 
Dark Control 2 

Mean 
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Table 6 (Continued). Quantitative Characterization of [ 1 4 ~ ~ ~ ~  and Its Degrad 
From Soil Surfaces Following Exposure to Natural Sunlight. 

Percent of Total Extracted Radiocarbon As: 

HPLC Volume 
Sample Description Injection (HI) DEF Unknown 

Day 15 

Irradiated 1 
Irradiated 2 

Mean 

Dark Control 1 
Dark Control 2 

Mean 

Day 20 

Irradiated 1 
Irradiated 2 

Mean 

Dark Control 1 
Dark Control 2 

Mean 

Day 30 

Irradiated 1 
Irradiated 2 

Mean 

Dark Control 1 
Dark Control 2 

Mean 
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[CH,CH, C H ~  CH,S), P = 0 

D E F  
PTRL NO. 203-4 

CH3CH2 CH2 CH2S = SCH2CH2CH2CH3 

Dibutyl Disulfide 
PTRL NO. 202-2 

CH,CH,CH,CH,S H 

Butyl Mercaptan 
PTRL NO. 203-3 

,._j 

Figure 1. Chemical Structures of [ 1 4 ~ ] ~ ~ ~  and Its Degradation Products. 
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FiNAL COPY 

Quartz Plate 

Exit  to Gas 
Scrubbing Tube > 

Coolant Coolant 
-4 > 

\ 

Soil-lay ered Jacket for  Circulating 
Pet r i  Dishes Coolant 

Figure 2. Apparatus Used to Expose [14C]DEF on a Soil Surface to Natural su&ight. 
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Figure 3. Representative Chromatogram of Analytical Standards of DEF & 1ts 
Degradation Products. /l, 

- Butyl Mercaptan 

9. - Dibutyl Disulfide 

f 23.1; DEF 

Day 30 Irradiated Replicate 1 

I 
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Minutes 

Figure 4. Radiochromatogram of Radiochemical Purity Analsyis of [ I ~ ~ D E F .  
('7 

\ -1 

,,;, 
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Minutes 
C 

,'- 
L-' 

Figure 5. Representative Radiochromatogram From HPLC Analysis of [14C]DEF. 
/ 

i' 
Day 30 Irradiated Replicate 1 
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Days of Irradiation / 

. DARK CONTROL 

100 -I CI Y CI CI 

L El 
U Y 

:y t1/2>30days 
80 - 

Figure 6. Degradation of [14C]DEF on a Soil Surface. 
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